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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The invention relates to an image forming apparatus and an image forming system.

2. Description of the Related Art

[0002] When printing is performed on the basis of image data of a page description language (PDL) format, the image
data of the PDL format is developed into image data of a raster format (hereinafter, referred to as "raster image data"),
and printing is performed on the basis of the raster image data. Image forming systems for large-volume printing business,
which perform a process at a high speed, often employ a configuration in which a digital front end (DFE) apparatus and
an image forming apparatus are separately provided. In the configuration, the EDF apparatus performs a raster image
processing (RIP) process of generating raster image data on the basis of image data of a PDL format contained in a
print job and the image forming apparatus prints an image on a sheet of paper as a recording medium on the basis of
the raster image data. In this case, the DFE apparatus is connected to the image forming apparatus through a network
or a high-performance serial bus, and the raster image data that has undergone the RIP process is transferred from the
DFE apparatus to the image forming apparatus.
[0003] An example of such an image forming system is disclosed in Japanese Patent Application Laid-open No.
2010-99907. In the image forming system disclosed in Japanese Patent Application Laid-open No. 2010-99907, a general
mother board for a personal computer (PC) is used as a DFE apparatus, and an image forming apparatus also employs
a controller configuration in which a central processing unit (CPU) (processor) used for print control and a local memory
are mounted. The raster image data generated by the DFE apparatus is transferred to the image forming apparatus, is
then stored in the local memory, and finally supplied to a printer engine.
[0004] EP 1 031 915 A2 which is regarded as closest prior art, discloses a printer apparatus and method for processing
image data includes a document input subsystem and a marking engine subsystem for recording information on an
image recording member.
[0005] EP 1 599 029 A2 discloses a method of setting functions in an image forming apparatus having hardware
resources used in an image form.
[0006] WO 88/10447 A1 discloses an electronic printer that receives documents having a plurality of pages in the form
of character code signals that are applied to a framing pattern generator. The rasterized signals are stored electronically
so that a plurality of documents having a plurality of electronically interleaved pages can be printed without replacing.
[0007] In the conventional image forming apparatus of the image forming system, a memory which is accessed by
the processor for print control and used as a working area and a memory that stores the raster image data transferred
from the DFE apparatus are shared on the same bus. However, depending on an operation of software operating on
the processor, the processor may continue to preferentially perform memory access. In this case, an operation of
writing/reading the raster image data to/from the memory is delayed, and printing performance degrades.
[0008] The present invention is made in light of the foregoing, and thus provides an image forming apparatus and an
image forming system according to the independent claims. The apparatus and system are capable of performing an
operation of writing/reading raster image data to/from a memory at a high speed and exhibiting high printing performance.

SUMMARY OF THE INVENTION

[0009] An image forming apparatus receives raster image data transferred from an external device and forms an image
on the basis of the received raster image data. The image forming apparatus includes: a processor that controls a transfer
of the raster image data from the external device; a first memory that is connected to the processor through a first bus
and used as a working area of the processor; a second memory that stores the raster image data; a memory control
unit that is connected to the second memory through a second bus and controls an operation of writing and reading the
raster image data in and from the second memory; a printer engine that forms an image on the basis of the raster image
data; and an engine control unit that reads the raster image data from the second memory through the memory control
unit and supplies the printer engine with the read raster image data.
[0010] An image forming system includes a first apparatus that generates raster image data and a second apparatus
that forms an image on the basis of the raster image data transferred from the first apparatus. The first apparatus includes:
a generating unit that generates the raster image data on the basis of a print job; an image processing unit that performs
image processing to edit the raster image data generated by the generating unit; and a transfer unit that transfers the
raster image data that has been subjected to the image processing to the second apparatus. The second apparatus
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includes: a processor that controls transfer of the raster image data from the first apparatus; a first memory that is
connected to the processor through a first bus and used as a working area of the processor; a second memory that
stores the raster image data; a memory control unit that is connected to the second memory through a second bus and
controls an operation of writing and reading the raster image data in and from the second memory; a printer engine that
forms an image on the basis of the raster image data; and an engine control unit that reads the raster image data from
the second memory through the memory control unit and supplies the printer engine with the read raster image data.
[0011] An image forming apparatus includes: a processor; a first memory that is accessed by the processor; a second
memory that stores data; a relay unit that is connected to the processor and the second memory and transmits image
data received from an external device to either of the processor and the second memory; and an image forming unit
that forms an image a medium on the basis of the image data. The relay unit includes an address translating unit that
performs an address translation between a first address space including an address space of the first memory and a
second address space including an address space of the second memory. The relay unit stores, in the second memory,
the image data in units of predetermined size smaller than the second memory size, a write request of which is issued
from the external device with respect to a predetermined address contained in the first address space, while shifting the
address by the predetermined size. The relay unit outputs the stored image data to the image forming unit when an
amount of the input image data corresponding to the original image data size is stored in the second memory.
[0012] The above and other objects, features, advantages and technical and industrial significance of this invention
will be better understood by reading the following detailed description of presently preferred embodiments of the invention,
when considered in connection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013]

Fig. 1 is a schematic diagram illustrating a configuration of an image forming system of an embodiment;
Fig. 2 is a diagram for describing a transmission path between a DFE apparatus and an image forming apparatus;
Fig. 3 is a schematic diagram illustrating the outline of a card adapter;
Fig. 4 is a diagram illustrating a schematic configuration of an image forming system according to a comparative
example;
Fig. 5 is a diagram illustrating the flow of data in an image forming system according to a comparative example;
Fig. 6 is a diagram for describing a configuration of raster image data;
Fig. 7 is a diagram for describing a transaction in data transfer of an image forming apparatus;
Fig. 8 is a timing chart illustrating an example of data transfer synchronized with one line period of an image forming
apparatus;
Figs. 9A and 9B are diagrams illustrating results of measuring a main memory’s response delay time to a read
request and a time required for data transfer of one line in an image forming apparatus according to a comparative
example;
Fig. 10 is a diagram illustrating a schematic configuration of an image forming system according to a first embodiment;
Fig. 11 is a diagram illustrating the flow of data in the image forming system according to the first embodiment;
Figs. 12A and 12B are diagrams illustrating results of measuring a frame memory’s response delay time to a read
request and a time required for data transfer of one line in the image forming apparatus according to the first
embodiment;
Fig. 13 is a diagram illustrating a schematic configuration of an image forming system according to a second
embodiment;
Fig. 14 is a diagram illustrating a schematic configuration of an image forming system according to a third embodiment;
Fig. 15 is a diagram illustrating a schematic configuration of an image forming system according to a fourth embod-
iment;
Fig. 16 is a diagram illustrating an example of an address space managed by a processor according to a comparative
example;
Fig. 17 is a diagram illustrating an example of an image forming system according to a fifth embodiment;
Fig. 18 is a diagram for describing the flow of data in the image forming system according to the fifth embodiment;
Fig. 19 is a block diagram illustrating an example of a schematic configuration of an internal circuit of a PCI Express
switch according to the fifth embodiment;
Fig. 20 is a flowchart illustrating the overall flow of a data storing process according to the fifth embodiment; and
Fig. 21 is a diagram illustrating an example of a correspondence relation between an address space of a frame
memory and an address space managed by a processor according to the fifth embodiment.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0014] Hereinafter, exemplary embodiments of an image forming apparatus and an image forming system according
to the present invention will be described in detail with reference to the drawings. The following description will be made
in connection with an example of an image forming system including a DFE apparatus as a first apparatus and an image
forming apparatus as a second apparatus. An applicable apparatus (system) is not limited thereto.
[0015] Fig. 1 is a schematic configuration diagram illustrating an image forming system 100 of the present embodiment.
The image forming system 100 includes a DFE apparatus 200 and an image forming apparatus 400 which is connected
to the DFE apparatus 200 through a communication cable 300. The DFE apparatus 200 functions as a so-called print
server and is connected to a plurality of terminals (client terminals) 600 used by users such as a PC through a network 500.
[0016] In the DFE apparatus 200, a slot 220 conforming to a PCI Express standard (hereinafter, referred to as "PCI
Express slot") is mounted on a mother board 210 as illustrated in Fig. 2. A card adapter 700 is attached to the PCI
Express slot 220.
[0017] In the image forming apparatus 400, a PCI Express slot 420 is mounted on a mother board 410 as illustrated
in Fig. 2. A card adapter 700 is attached to the PCI Express slot 420.
[0018] The card adapter 700 at the DFE apparatus 200 side is connected to the card adapter 700 at the image forming
apparatus 400 side through the communication cable 300. Thus, the DFE apparatus 200 and the image forming apparatus
400 are communicably connected to each other through the card adapters 700 and the communication cable 300, and
high-speed information communication is performed between the DFE apparatus 200 and the image forming apparatus
400.
[0019] In the image forming system 100 of the present embodiment, image information (image information of black,
image information of cyan, image information of magenta, and image information of yellow) is transferred from the DFE
apparatus 200 to the image forming apparatus 400 in the form of raster image data. The image forming apparatus 400
forms a color image on the basis of the raster image data transferred from the DFE apparatus 200.
[0020] As the communication cable 300, there may be used various communication cables based on the PCI Express
standard, including copper wire cables or optical active cables and cables capable of transmitting a high-speed differential
signal.
[0021] Fig. 3 is a schematic diagram illustrating the outline of the card adapter 700. The card adapter 700 has a
common configuration between the DFE apparatus 200 side and the image forming apparatus 400 side. The card adapter
700 includes a cable connector 710, a card edge connector 720, and a PCI Express bridge 730 as illustrated in Fig. 3.
[0022] The cable connector 710 is a connector to which the communication cable 300 is attached. Further, the card
edge connector 720 is a connector connected to a terminal of the PCI Express slot 220 or the PCI Express slot 420
when the card adapter 700 is attached to the PCI Express slot 220 or the PCI Express slot 420. Connectors that conform
to the PCI Express standard are used as the cable connector 710 and the card edge connector 720.
[0023] The PCI Express bridge 730 is a bridge that relays data between the cable connector 710 and the card edge
connector 720 and conforms to the PCI Express standard. A bridge of a non-transparent type is used as the PCI Express
bridge 730. Since the DFE apparatus 200 is connected to the image forming apparatus 400 using the PCI Express
bridge 730 of the non-transparent type, the DFE apparatus 200 and the image forming apparatus 400 can individually
perform an initialization process without interfering with the other party’s operation, and the processor of each apparatus
can access the other party’s resource while individually performing an operation.
[0024] Further, a switch having a clock isolation function is preferably used as the PCI Express bridge 730. The clock
isolation function refers to a function of separating a clock domain by using a bridge as a boundary. Through the clock
isolation function, a domain between the PCI Express bridge 730 at the DFE apparatus 200 side and the PCI Express
bridge 730 at the image forming apparatus 400 side (a domain in which the raster image data is transferred through the
communication cable 300) can be used as a clock domain independent of the other domains. A non-spread spectrum
clock is used as a clock in the clock domain between the PCI Express bridge 730 at the DFE apparatus 200 side and
the PCI Express bridge 730 at the image forming apparatus 400 side. A spread spectrum clock is used as a clock in the
other clock domains. Thus, unnecessary radiation (electromagnetic interference (EMI)) can be reduced, and appropriate
communication can be performed while synchronizing the DFE apparatus 200 with the image forming apparatus 400.
[0025] That is, the EMI can be effectively reduced by using the spread spectrum clock as a reference clock for operations
of the DFE apparatus 200 and the image forming apparatus 400. However, when the spread spectrum clock is used as
a clock for the whole image forming system 100, the DFE apparatus 200 is not synchronized with the image forming
apparatus 400, and it is difficult to appropriately perform communication using the communication cable 300. On the
other hand, when the clock domain between the PCI Express bridges 730 is separated through the clock isolation function
of the PCI Express bridge 730 and the non-spread spectrum clock is used as a clock only for this clock domain, the EMI
can be reduced in terms of the whole image forming system 100, and communication can be appropriately performed
between the DFE apparatus 200 and the image forming apparatus 400 using the communication cable 300.
[0026] Next, more specific configuration examples (an embodiment) of the DFE apparatus 200 and the image forming
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apparatus 400 in the image forming system 100 of the present embodiment will be described in detail while comparing
with a configuration example (a comparative example) to which the present invention is not applied.

[Comparative Example]

[0027] First, a comparative example will be described with reference to Figs. 4 to 9B. In the following description, in
order to make clear a correspondence relation between a comparative example and an embodiment, among components
configuring an image forming system according to the comparative example, components (including components that
partially differ in function) that correspond to components of the embodiment are denoted by the same reference numerals
as in the embodiment.
[0028] Fig. 4 is a diagram illustrating a schematic configuration of the image forming system according to the com-
parative example (hereinafter, referred to as "image forming system 110"), and Fig. 5 is a diagram illustrating a data
flow in the image forming system 110 according to the comparative example. In the image forming system 110 according
to the comparative example, the DFE apparatus 200 is connected with the image forming apparatus 400 through the
communication cable 300 that conforms to the PCI Express standard. Further, a client terminal 600 used by a user such
as a PC is connected to the DFE apparatus 200 through the network 500 such as a local area network (LAN).
[0029] The DFE apparatus 200 includes a DFE processing unit 10. The DFE processing unit 10 is a data processing
unit, at the DFE apparatus 200 side, which is implemented using a processor and a memory (not illustrated). The DFE
processing unit 10 includes a RIP processing unit 11 and a data transfer processing unit 12 as a main functional
configuration.
[0030] The RIP processing unit 11 receives a print job transferred from the client terminal 600 through the network
500, and develops data of a PDL format contained in the print job into raster image data for printing. The raster image
data generated by the RIP processing unit 11 is stored in a memory (not illustrated).
[0031] By the data transfer processing unit 12, the raster image data generated by the RIP processing unit 11 is read
out page by page from the memory. The data transfer processing unit 12 performs a memory write transfer process.
That is, the read out raster image data from the memory is transferred to the image forming apparatus 400 through the
communication cable 300, in response to a write request (a write request to write data into the main memory 22 of the
image forming apparatus 400, which is described later).
[0032] A card adapter (not illustrated) (which corresponds to the card adapter 700) is used for a connection with the
communication cable 300. A PCI Express bridge 13 (which corresponds to the PCI Express bridge 730), to which the
raster image data to be transferred to the image forming apparatus 400 through the communication cable 300 is input,
is mounted on the card adapter. The raster image data passes through the PCI Express bridge 13 and is then transferred
to the image forming apparatus 400 through the communication cable 300 according to a PCI Express protocol.
[0033] The number of PCI Express lanes used for the transfer of the raster image data is arranged so as to obtain a
sufficient transfer band, depending on the size of the raster image data to be transferred and a required printing process
speed. Here, the raster image data is transferred through 4 lanes (x4) as an example.
[0034] The image forming apparatus 400 includes a memory controller-integrated processor 21, the main memory 22,
a PCH (platform controller hub) 23, a PCI Express switch 24 (it refers to a switch based on or compatible with the PCI
Express standard), two plotter ASICs (Application Specific Integrated Circuits) 25a and 25b, and a printer engine 26.
[0035] Further, the image forming apparatus 400 is provided with a card adapter (not illustrated) (which corresponds
to the card adapter 700) for a connection with the communication cable 300, similarly to the DFE apparatus 200. The
raster image data transferred from the DFE apparatus 200 via the communication cable 300 in conformity with the PCI
Express protocol is input to the apparatus 400 through a PCI Express bridge 27 (which corresponds to the PCI Express
bridge 730) mounted on the card adapter.
[0036] The memory controller-integrated processor 21 executes a transfer control process for controlling the transfer
of the raster image data from the DFE apparatus 200, a decompression process for decompressing the raster image
data transferred as compressed data, image processing for image editing (rotation, enlargement, reduction, or the like)
on the raster image data, and the like. The memory controller-integrated processor 21 uses the main memory 22 as a
working area for executing various processing (software) including the transfer control process, the decompression
process, and the image processing.
[0037] The memory controller-integrated processor 21 is connected to the DFE processing unit 10 of the DFE apparatus
200 through the PCH 23 and a control signal transmission cable 28, such as a Giga Ethernet (a registered trademark)
cable, connected to the PCH 23. The transfer of the raster image data from the DFE apparatus 200 to the image forming
apparatus 400 is executed in response to a control signal transmitted from the memory controller-integrated processor
21 through the control signal transmission cable 28 to the DFE processing unit 10. The control signal controls, for
example, a start timing when the page-by-page transfer of the raster image data is started.
[0038] The main memory 22 is connected with the memory controller-integrated processor 21 through a first memory
bus 29. The main memory 22 is used not only as the working area of the memory controller-integrated processor 21 but
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also as a memory storing the raster image data transferred from the DFE apparatus 200.
[0039] The PCI Express switch 24 is connected with the PCI Express bridge 27, the memory controller-integrated
processor 21, the plotter ASIC 25a, and the plotter ASIC 25b, and performs packet routing among the PCI Express
bridge 27, the memory controller-integrated processor 21, the plotter ASIC 25a, and the plotter ASIC 25b.
[0040] The plotter ASICs 25a and 25b read the raster image data from the main memory 22 line by line (per line in a
main scanning direction) in synchronization with a printing speed (a paper feeding speed) of the printer engine 26. The
plotter ASICs 25a and 25b transfer the raster image data of each line read from the main memory 22 to the printer engine
26 by a memory read transfer process for transferring data in response to a read request (a request to read data from
the main memory 22). Further, the plotter ASICs 25a and 25b are configured to perform the memory read transfer
process corresponding to four colors. The plotter ASIC 25a corresponds to four colors of CMYK, and the plotter ASIC
25b corresponds to a clear toner or two specific colors.
[0041] The printer engine 26 forms an image on a paper which is a recording medium, on the basis of the raster image
data transferred at a line period by the plotter ASICs 25a and 25b.
[0042] Next, a description will be made in connection with the data flow of the raster image data in the image forming
system 110 according to the comparative example.
[0043] The raster image data generated by the RIP processing unit 11 of the DFE apparatus 200 is transferred to the
image forming apparatus 400, page by page, by the memory write transfer process performed by the data transfer
processing unit 12, and is then stored in the main memory 22 of the image forming apparatus 400 (a path indicated by
a dotted arrow (1) in Fig. 5). At this time, the PCI Express switch 24 of the image forming apparatus 400 relays the
transfer of the raster image data between the PCI Express bridge 27 and the memory controller-integrated processor
21. The memory controller-integrated processor 21 stores the raster image data, which has been transferred from the
DFE apparatus 200 through the communication cable 300, the PCI Express bridge 27, and the PCI Express switch 24,
in the main memory 22 through the first memory bus 29.
[0044] Further, the transfer of the raster image data from the DFE apparatus 200 to the image forming apparatus 400
is typically performed in a state that the raster image data is compressed into lossless compressed data. In this case,
the compressed raster image data is decompressed into original image data through the decompression process exe-
cuted by the memory controller-integrated processor 21, and then stored in the main memory 22.
[0045] After the raster image data corresponding to one page is stored in the main memory 22, the plotter ASICs 25a
and 25b of the image forming apparatus 400, in the memory read transfer process, read the raster image data from the
main memory 22, line by line, in synchronization with the printing speed (the page feeding speed) of the printer engine
26, and transfer the read raster image data to the printer engine 26 (paths indicated by dotted arrows (2) and (3) in Fig.
5). At this time, the PCI Express switch 24 relays the transfer of the raster image data between the memory controller-
integrated processor 21 and the plotter ASICs 25a and 25b. The plotter ASICs 25a and 25b acquire the raster image
data, which has been read from the main memory 22 through the memory controller-integrated processor 21, through
the PCI Express switch 24, and supply the printer engine 26 with the acquired raster image data.
[0046] As described above, in the image forming system 110 according to the comparative example, the printing
process is executed by simultaneously performing the process of writing the raster image data, page by page, in the
main memory 22 and the process of reading the raster image data, line by line, from the main memory 22 to supply the
printer engine 26 with the read raster image data in a parallel manner.
[0047] Fig. 6 is a diagram for describing a configuration of the raster image data. The raster image data is configured
in a two-dimensional array of a main scanning direction and a sub scanning direction as illustrated in Fig. 6. The image
forming system 110 according to the comparative example generates the raster image data illustrated in Fig. 6 through
the RIP processing unit 11 of the DFE apparatus 200, and then transfers the generated raster image data to the main
memory 22 of the image forming apparatus 400.
[0048] The data transfer from the main memory 22 to the printer engine 26 by the plotter ASICs 25a and 25b is executed
by a synchronous transfer process performed such that a process of transferring image data in the main scanning
direction at a set time period is repeated in the sub scanning direction.
[0049] Fig. 7 is a diagram for describing a transaction in the data transfer of the image forming apparatus 400. As for
the data transfer in the image forming apparatus 400, as illustrated in fig. 7, one line in the main scanning direction is
made of a plurality of packets (n packets in this example) and each packet is made of a plurality of pixel data. These
packets per line are required to be transferred as one transaction, in synchronization with the image scan speed in the
sub scanning direction. A time duration allowed for one transaction is called as "one line period". The one line period is
determined from the print image resolution and the feeding speed of the printer engine 26 as follows. 



EP 2 474 938 B1

7

5

10

15

20

25

30

35

40

45

50

55

[0050] Further, when the image forming apparatus 400 is provided with a scanner engine, it is required to transfer the
pixel data read by the scanner engine to the main memory 22, by the synchronous transfer process as mentioned above.
In this case, one line period is determined from the read (scan) resolution and the moving speed of the head of the
scanner as follows. 

[0051] Fig. 8 is a timing chart illustrating an example of data transfer synchronized with one line period of the image
forming apparatus 400. A description will be made in connection with an example in which a data amount corresponding
to one line is transferred through 4 packets for simplified description.
[0052] The data transfer from the main memory 22 to the printer engine 26 by the plotter ASICs 25a and 25b is the
synchronous transfer synchronized with one line period as mentioned above. The data transfer is executed in response
to a read request (a request to read and transfer packet) from the plotter ASICs 25a and 25b to the main memory 22.
[0053] When all packet data (D1 to D4 in Fig. 8) corresponding to one line of the raster image data are transferred
from the main memory 22 to the printer engine 26 within one line period, it is recognized that a line synchronization
constraint has been satisfied. In the example of Fig. 8, the transfer of the packet data D1 to D4 is completed within one
line period, and so the line synchronization constraint has been satisfied. A time between the completion of the transfer
of the packet data D1 to D4 and the start of the next line period is a float time.
[0054] In the example of Fig. 8, since a response delay time or latency of the main memory 22 in response to the read
request from the plotter ASICs 25a and 25b is short, the data transfer satisfying the line synchronization constraint can
be performed. However, when the response delay time is long, the transfer of all packet data (D1 to D4 in Fig. 8)
corresponding to one line of the raster image data is hardly to be completed within one line period. In this case, an error
occurs in the printer engine 26, and an abnormal image is printed on the paper.
[0055] The line synchronization constraint is inherent in the data transfer in the image forming apparatus 400 that
forms an image on a rapidly moving paper through the printer engine 26. For example, when the raster image data is
transferred, page by page, from the DFE apparatus 200 to the image forming apparatus 400 as illustrated in the dotted
arrow (1) of Fig. 5, such a constraint is not imposed. That is, when page-by-page data transfer is delayed, the number
of printed sheets per time may be reduced. However, as for page-basis printing, the printer engine 26 can be temporarily
stopped to wait until the page-by-page data transfer is completed. Thus, it does not lead to the occurrence of an error
or printing of an abnormal image. However, when the line-by-line data transfer is delayed, it is difficult to suddenly stop
a rapidly moving paper, and thus the line synchronization constraint must be satisfied.
[0056] Particularly, in image forming systems, used for large-volume printing business or the like, in which a printing
process of a high speed and a high resolution is required, one line period is as very short as tens of micro seconds (ms),
and a data amount corresponding to one line, which amounts to tens of kilo bytes, needs to be transferred within the
short period. Thus, there is a need for a countermeasure capable of reliably satisfying the line synchronization constraint
even in this situation.
[0057] As described above, it is important to reduce the response delay time of the main memory 22 in response to
the read request as short as possible in order to satisfy the line synchronization constraint. However, in the image forming
system 110 according to the comparative example, since the raster image data transferred from the DFE apparatus 200
to the image forming apparatus 400 is stored in the main memory 22 used as the working area of the memory controller-
integrated processor 21, the response delay time of the main memory 22 in response to the read request is likely to
increase.
[0058] That is, the memory controller-integrated processor 21 uses the main memory 22 as the working area and
frequently accesses the main memory 22 through the first memory bus 29 in order to execute the transfer control process,
the decompression process, the image processing, and the like. Further, the memory controller-integrated processor
21 executes software for controlling an operation of the whole image forming apparatus 400, such as a basic input-
output system (BIOS), an operating system (OS), a print control application, or a display control application, using the
main memory 22. For this reason, depending on an operation of software operated on the memory controller-integrated
processor 21, the memory controller-integrated processor 21 continues to preferentially process memory access to the
main memory 22, and this sometimes influences the response delay time of the main memory 22 in response to the
read request to increase.
[0059] Figs. 9A and 9B are diagrams illustrating results of measuring a response delay time of the main memory 22
in response to a read request and a time required for data transfer of one line in the image forming apparatus 400 having
the configuration of Fig. 4, respectively.
[0060] A graph of Fig. 9A illustrates the distribution of the response delay time of the main memory 22 in response to
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the read request, and a mass of plots represent a group of packets for transferring data corresponding to one line. First
4 lines stay in a constant response delay time, and correspond to lines which are not affected by memory access by the
memory controller-integrated processor 21. However, a mass of plots of 5th to 8th lines shows that the memory response
delay time increases due to influence of memory access by the memory controller-integrated processor 21. Such an
increase in the memory response delay time is caused depending on various factors such as a cache memory operation
or an energy saving mode transition process executed by the memory controller-integrated processor 21 as well as
influence of application software. Thus, it is very difficult to suppress it from occurring during the data transfer, and it is
also difficult to anticipate when it occurs.
[0061] A graph of Fig. 9B illustrates contradistinction between a minimum value, an average value, and a maximum
value of a data transfer time corresponding to one line when the raster image data corresponding to one page is transferred
from the main memory 22 to the printer engine 26. The data transfer time increases in lines in which the response delay
time increases. In the example of Fig. 9B, it can be understood that the average value of the data transfer time corre-
sponding to one line is close to the minimum value, and the frequency that the response delay time increases is low.
However, even though an increase in the response delay time rarely occurs, when the maximum value of the data
transfer time corresponding to one line is longer than one line period, an error occurs in the printer engine 26. That is,
in order to prevent an error from occurring in the printer engine 26, a high-speed operation has not to be performed at
the speed at which one line period is shorter than the maximum value of the data transfer time corresponding to one line.
[0062] Further, since behavior of the response delay time may drastically change due to a change in software or a
change in a chip set, even though the line period is designated to be longer than an actually measured maximum value,
it is difficult to guarantee that the line synchronization constraint is completely satisfied. For this reason, it is necessary
to use a chip set having extremely high performance or to increase a PCI Express connection band more than necessary
in order to ensure a sufficient performance. However, there is a problem in that this is obstructive to a high-speed
operation and a cost reduction.
[0063] Further, in the measurement of this example, the one line period to transfer the data was set to be longer by
approximately 30 % with respect to the typical response delay time. However, after a thousand of lines was transferred,
the response delay time increased. Thereby, the line synchronization error occurred. The graph of Fig. 9A was derived
by extracting data corresponding to several lines when the error occurred.

[First Embodiment]

[0064] Next, a first embodiment will be described with reference to Figs. 10 to 12B. In an image forming system
according to the first embodiment (hereinafter, referred to as an "image forming system 101"), the data flow and the
memory for storing the raster image data when the raster image data developed by the DFE apparatus 200 is transferred
to the printer engine 26 is separated from the data flow and the main memory 22 accessed by the memory controller-
integrated processor 21 in the image forming apparatus 400. Thereby, these data transfers are not interfered by each
other.
[0065] Fig. 10 is a diagram illustrating a schematic configuration of the image forming system 101 according to the
first embodiment, and Fig. 11 is a diagram illustrating a data flow in the image forming system 101 according to the first
embodiment. In the image forming system 101 according to the first embodiment, the DFE apparatus 200 is connected
with the image forming apparatus 400 through a communication cable 300 that conforms to the PCI Express standard,
similarly to the comparative example. Further, a client terminal 600 used by a user such as a PC is connected to the
DFE apparatus 200 through a network 500 such as a local area network (LAN).
[0066] The DFE apparatus 200 includes a DFE processing unit 10. The DFE processing unit 10 is a data processing
unit, at the DFE apparatus 200 side, which is implemented using a processor and a memory (not shown). The DFE
processing unit 10 includes as main functional components not only a RIP processing unit 11 and a data transfer
processing unit 12, which are the same as in the comparative example, but also an image processing unit 14 that
performs image processing for image editing on raster image data generated by the RIP processing unit 11.
[0067] The RIP processing unit 11 receives a print job transferred from the client terminal 600 through the network
500, and develops data of a PDL format contained in the print job into raster image data for printing, similarly to the
comparative example.
[0068] The image processing unit 14 performs the image processing for image editing, such as image rotation, en-
largement, and reduction, on the raster image data generated by the RIP processing unit 11. The raster image data
which has been subjected to the image processing by the image processing unit 14 is stored in a memory (not shown).
[0069] On the page basis, the data transfer processing unit 12 extracts the raster image data after subjected to the
image processing by the image processing unit 14 from the memory, and transfers the raster image data to the image
forming apparatus 400 through the communication cable 300 by the memory write transfer process as described above.
[0070] A card adapter (not shown) (which corresponds to the card adapter 700) is used for a connection with the
communication cable 300, similarly to the comparative example. A PCI Express bridge 13 (which corresponds to the
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PCI Express bridge 730) to which the raster image data to be transferred to the image forming apparatus 400 through
the communication cable 300 is input is attached to the card adapter. Thus, the raster image data is transferred via the
PCI Express bridge 13 to the image forming apparatus 400 through the communication cable 300 in conformity with the
PCI Express protocol.
[0071] The number of PCI Express lanes used for the transfer of the raster image data is arranged so as to obtain a
sufficient transfer band, depending on the size of the raster image data to be transferred and a required printing process
speed. Here, the raster image data is transferred through 4 lanes (x4) as an example. Further, in the image forming
system 101 according to the first embodiment, the raster image data is transferred from the DFE apparatus 200 to the
image forming apparatus 400 in an uncompressed state.
[0072] The image forming apparatus 400 includes a memory controller-integrated processor 21, a main memory 22,
a PCH 23, a PCI Express switch 24, two plotter ASICs 25a and 25b, and a printer engine 26, similarly to the comparative
example. In addition to these components, the image forming apparatus 400 according to the first embodiment further
includes a frame memory 31 that stores the raster image data transferred from the DFE apparatus 200, and a memory
controller 32 that controls an operation of writing and reading the raster image data in and from the frame memory 31.
[0073] Further, the image forming apparatus 400 is provided with a card adapter (not shown) (which corresponds to
the card adapter 700) for a connection with the communication cable 300, similarly to the comparative example. The
raster image data transferred from the DFE apparatus 200 through the communication cable 300 according to the PCI
Express protocol is input through a PCI Express bridge 27 (which corresponds to the PCI Express bridge 730) mounted
on the card adapter.
[0074] In the first embodiment, a bridge of a non-transparent type is used as both the PCI Express bridge 13 at the
DFE apparatus 200 side and the PCI Express bridge 27 at the image forming apparatus 400 side. That is, in the image
forming system 101 according to the first embodiment, since the bridges of the non-transparent type are connected to
each other by the communication cable 300, host-to-host communication can be performed between the DFE apparatus
200 and the image forming apparatus 400.
[0075] In this case, the PCI Express bridge 27 at the image forming apparatus 400 side is in a non-transparent status
when seen from the DFE apparatus 200 side, and the PCI Express bridge 13 at the DFE apparatus 200 side is in a non-
transparent status when seen from the image forming apparatus 400 side. Thus, when the image forming system 101
is activated, the image forming system 101 is normally activated regardless whether the DFE apparatus 200 side first
starts or the image forming apparatus 400 side first starts, and there is no constraint to the start order at the time of
activation. Further, even though the communication cable 300 falls out during an operation after activation, the system
does not hang up. Further, when communication is performed between the DFE apparatus 200 and the image forming
apparatus 400, address translation needs to be performed between the DFE apparatus 200 and the image forming
apparatus 400. However, besides an address space of the DFE apparatus 200 and an address space of the image
forming apparatus 400, a common address space (an NT space) can be set to the bridges of the non-transparent type
(the PCI Express bridges 13 and 27). Further, since the NT space can be fixed, address translation with the NT space
can be performed by both the DFE apparatus 200 side and the image forming apparatus 400 side, and thus address
translation can be easily performed.
[0076] Further, in the first embodiment, a bridge having the clock isolation function is used as both the PCI Express
bridge 13 at the DFE apparatus 200 side and the PCI Express bridge 27 at the image forming apparatus 400 side. A
clock domain between the PCI Express bridge 13 and the PCI Express bridge 27 is set as an independent clock domain.
A spread spectrum clock is used as a clock in the other domains excluding the domain between the PCI Express bridge
13 and the PCI Express bridge 27. A non spread spectrum clock is used as a clock in the clock domain between the
PCI Express bridge 13 and the PCI Express bridge 27. Thus, unnecessary radiation (EMI) can be reduced, and appropriate
communication can be performed while synchronizing the DFE apparatus 200 with the image forming apparatus 400.
[0077] The memory controller-integrated processor 21 executes, for example, a transfer control process for controlling
the transfer of the raster image data from the DFE apparatus 200. The memory controller-integrated processor 21 uses
the main memory 22 as the working area in which various processing (software) including the transfer control process
are executed. Further, in the first embodiment, the raster image data is transferred from the DFE apparatus 200 to the
image forming apparatus 400 in the uncompressed state, and the image processing for image editing on the raster
image data is performed at the DFE apparatus 200 side. Thus, the memory controller-integrated processor 21 does not
perform the decompression process of decompressing the raster image data, and the image processing for editing
images of the raster image data.
[0078] The memory controller-integrated processor 21 is connected to the DFE processing unit 10 of the DFE apparatus
200 through the PCH 23 and a control signal transmission cable 28 connected to the PCH 23. The transfer of the raster
image data from the DFE apparatus 200 to the image forming apparatus 400 is executed in response to a control signal
transmitted from the memory controller-integrated processor 21 to the DFE processing unit 10 through the control signal
transmission cable 28. The control signal controls, for example, a start timing when the page-by-page transfer of the
raster image data is started.
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[0079] The main memory 22 is connected with the memory controller-integrated processor 21 through a first memory
bus 29, similarly to the comparative example. The main memory 22 is used as the working area of the memory controller-
integrated processor 21. In the first embodiment, the raster image data transferred from the DFE apparatus 200 is stored
in not the main memory 22 but the frame memory 31 connected to the memory controller 32.
[0080] The PCI Express switch 24 is connected with the PCI Express bridge 27, the memory controller 32, the plotter
ASIC 25a, the plotter ASIC 25b, and the memory controller-integrated processor 21, and performs packet routing between
the PCI Express bridge 27, the memory controller 32, the plotter ASIC 25a, the plotter ASIC 25b, and the memory
controller-integrated processor 21.
[0081] Further, in the first embodiment, the number of connection lanes between the memory controller-integrated
processor 21 and the PCI Express switch 24 is set to a minimal one lane connection (x1). It is because in the case of
the first embodiment, the raster image data is not transferred between the memory controller-integrated processor 21
and the PCI Express switch 24. And, only a register setting packet for setting an address of descriptor or one line size
by the memory controller-integrated processor 21 to the plotter ASICs 25a and 25b is transferred between the memory
controller-integrated processor 21 and the PCI Express switch 24.
[0082] The plotter ASICs 25a and 25b read the raster image data from the frame memory 31 line by line (per line in
a main scanning direction) in synchronization with a printing speed (a paper feeding speed) of the printer engine 26,
and transfer the read raster image data to the printer engine 26, through the memory read transfer process. Further, the
plotter ASICs 25a and 25b are configured to perform the memory read transfer process corresponding to four colors.
The plotter ASIC 25a corresponds to four colors of CMYK, and the plotter ASIC 25b corresponds to a clear toner or two
specific colors.
[0083] The printer engine 26 forms an image on a paper which is a recording medium, on the basis of the raster image
data transferred at a line period by the plotter ASICs 25a and 25b.
[0084] The frame memory 31 is configured with a double data rate synchronous dynamic random access memory
(DDRSRAM) or the like, and stores the raster image data page by page, transferred from the DFE apparatus 200. The
frame memory 31 is connected to the memory controller 32 through a second memory bus 33.
[0085] The memory controller 32 controls an operation of writing and reading the raster image data in and from the
frame memory 31. The memory controller 32 is connected with the frame memory 31 through the second memory bus
33, and is connected with the PCI Express switch 24. The memory controller 32 may be implemented, for example,
using an ASIC having a PCI Express connection port and a DDR memory bus (the second memory bus 33), or a general-
purpose high-speed FPGA (field programmable gate array) mounted with a high-speed IO compatible with PCI Express
and DDR memory bus.
[0086] The number of connection lanes between the memory controller 32 and the PCI Express switch 24 is arranged
so as to secure a band broader than a band required by the two plotter ASICs 25a and 25b. In the first embodiment,
each of the plotter ASICs 25a and 25b has 4 lane connections (x4), and so the number of connection lanes between
the memory controller 32 and the PCI Express switch 24 is set to 8 lane connections (x8).
[0087] Next, a description will be made in connection with the data flow of the raster image data in the image forming
system 101 according to the first embodiment.
[0088] The raster image data generated by the RIP processing unit 11 of the DFE apparatus 200 is subjected to the
image processing by the image processing unit 14, and then transferred page by page to the image forming apparatus
400 via the PCI Express bridge 13 and the communication cable 300 in the uncompressed state by the memory write
transfer process performed by the data transfer processing unit 12. The raster image data transferred from the DFE
apparatus 200 to the image forming apparatus 400 is input to the memory controller 32 via the PCI Express bridge 27
and the PCI Express switch 24. Then, the raster image data is written in the frame memory 31 by the memory controller
32 (a path indicated by a dotted arrow (1) in Fig. 11).
[0089] At this time, the PCI Express switch 24 of the image forming apparatus 400 relays the transfer of the raster
image data between the PCI Express bridge 27 and the memory controller 32. The memory controller 32 stores the
raster image data, which has been transferred from the DFE apparatus 200 through the communication cable 300, the
PCI Express bridge 27, and the PCI Express switch 24, in the frame memory 31 through the second memory bus 33.
[0090] After the raster image data corresponding to one page is stored in the frame memory 31, the plotter ASICs 25a
and 25b of the image forming apparatus 400 read the raster image data line by line from the frame memory 31 in
synchronization with the printing speed (the page feeding speed) of the printer engine 26 by the memory read transfer
process, and transfer the read raster image data to the printer engine 26 (paths indicated by dotted arrows (2) and (3)
in Fig. 11). At this time, the PCI Express switch 24 relays the transfer of the raster image data between the memory
controller 32 and the plotter ASICs 25a and 25b. The plotter ASICs 25a and 25b acquire the raster image data, which
has been read from the frame memory 31 through the memory controller 32, through the PCI Express switch 24, and
supply the printer engine 26 with the acquired raster image data.
[0091] As described above, in the image forming system 101 according to the first embodiment, the printing process
is executed by simultaneously performing the process of writing the raster image data page by page in the frame memory
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31 and the process of reading the raster image data line by line from the frame memory 31 and supplying the printer
engine 26 with the read raster image data in a parallel manner.
[0092] In the image forming system 101 according to the first embodiment, when the memory controller-integrated
processor 21 performs various processing with software, the memory controller-integrated processor 21 does not use
a path or a memory (the frame memory 31) to which the raster image data is transferred. Thus, the line synchronization
transfer performance of the printer engine 26 is not affected by an operation of software executed by the memory
controller-integrated processor 21, and design limit performances of the plotter ASICs 25a and 25b and the printer engine
26 can be guaranteed. Accordingly, the image forming system 101 according to the first embodiment can perform an
operation of writing and reading the raster image data in and from the frame memory 31 at a high speed and thus obtain
high printing performance.
[0093] Figs. 12A and 12B are diagrams illustrating results of measuring a response delay time of the frame memory
31 in response to a read request and a time required for data transfer of one line in the image forming apparatus 400
having the configuration of Fig. 10 according to the first embodiment, respectively.
[0094] A graph of Fig. 12A illustrates the distribution of the response delay time of the frame memory 31 in response
to the read request, and plot patterns of one period represents a group of packets for transferring data corresponding
to one line. In the graph of Fig. 12A, data corresponding to two lines is enlarged (the graph of Fig. 12A differs from the
graph illustrated in Fig. 9A in the scale of a time on a horizontal axis). It can be seen that even though data corresponding
to several pages is transferred, the same plot patterns are obtained in all lines. Further, it can be understood that an
increase in the response delay time has been effectively suppressed when compared to that of the comparative example
illustrated in Fig. 9A. The plot patterns temporarily rise in the beginning portion of the line. However, it is because read
request packets are queued in a buffer in the memory controller 32, and it outwardly looks as if the response delay time
has increased. The increase in the response delay time in the line beginning portion inevitably occurs, but does not
affect an increase in the line transfer time.
[0095] A graph of Fig. 12B illustrates contradistinction between a minimum value, an average value, and a maximum
value of a data transfer time corresponding to one line when the raster image data corresponding to one page is transferred
from the frame memory 31 to the printer engine 26. In Fig. 12B, the graph of the comparative example illustrated in Fig.
9B is illustrated together as a comparison target. As can be seen from the graph of Fig. 12B, in the comparative example,
since the maximum value is larger than the minimum value and the average value, a high-speed operation is hardly
performed at the speed at which one line period is shorter than the maximum value in order to prevent an error from
occurring in the printer engine 26. On the other hand, in the first embodiment, the average value and the maximum value
are almost equal to the minimum value, and thus the line transfer period can be designed at limit performance of hardware.
[0096] The line transfer time corresponds to the number of sheets printed by the printer engine 26 per minute. It is
assumed that a printer of the comparative example in which one line period is designed on the basis of the maximum
value of the line transfer time shows the performance of 100 pages per minute. In this case, as can be seen from the
graph illustrated in Fig. 12B, the performance of about 135 pages per minute can be realized in the first embodiment,
and the speed can be improved by about 35 % compared to the comparative example.
[0097] Further, in the configuration of the first embodiment, since there is no possibility that behavior of the response
delay time will drastically change due to a change in software or a change in a chip set, it is not necessary to use a high
performance chip set or to increase a PCI Express connection band more than necessary in order to ensure a sufficient
performance. Thus, there is an effect capable of realizing both a high-speed operation and a low cost.
[0098] In the configuration example illustrated in Fig. 10, the chip set using the high-speed memory controller-integrated
processor 21 has been exemplarily described as the processor for executing the transfer control process and the like.
However, a lower cost embedded processor may be used as the processor for executing the transfer control process.
When the low cost embedded processor is used for the transfer control process as described above, the cost of the
entire system can be reduced even in a configuration in which the memory controller 32 is separately connected to the
PCI Express switch 24.
[0099] Further, in the image forming system 101 according to the first embodiment, the DFE apparatus 200 side is
provided with the image processing unit 14 that performs the image process for the image editing (rotation, enlargement,
reduction, or the like) on the raster image data, and the raster image data which has been subjected to the image
processing for the image editing is transferred from the DFE apparatus 200 to the image forming apparatus 400. Thus,
the image forming apparatus 400 side needs not perform coordination between the image processing and the engine
for adjusting timing for forming the image processing for image editing according to the printer engine 26. In addition,
each image forming apparatus 400 needs not perform such coordination according to a mounted engine. Thus, devel-
opment man-hours can be reduced.
[0100] Further, the image forming system 101 according to the first embodiment is configured such that the bridges
of the non-transparent type (the PCI Express bridges 13 and 27) are connected to each other by the communication
cable 300, and so host-to-host communication can be performed between the DFE apparatus 200 and the image forming
apparatus 400. Thus, the problem in that a constraint is imposed on the start order of apparatuses at the time of system
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activation and the problem in that the system hangs up when the communication cable 300 falls out can be effectively
avoided. Further, there is an effect capable of easily performing address translation when communication is performed
between the DFE apparatus 200 and the image forming apparatus 400.
[0101] Further, in the image forming system 101 according to the first embodiment, the clock domain between the
PCI Express bridges 13 and 27 is separated through the clock isolation function of the PCI Express bridges 13 and 27.
Further, the non-spread spectrum clock is used as a clock in the clock domain between the PCI Express bridges 13 and
27, and the spread spectrum clock is used as a clock in the other clock domains. Thus, the EMI can be reduced, and
appropriate synchronous communication can be performed between the DFE apparatus 200 and the image forming
apparatus 400.

[Second Embodiment]

[0102] Next, a second embodiment will be described with reference to Fig. 13. In an image forming system according
to the second embodiment (hereinafter, referred to as an "image forming system 102"), the image forming apparatus
400 is provided with a plurality of sets, each of which includes the frame memory 31 storing the raster image data
transferred from a DFE apparatus 200 and the memory controller 32, in accordance with the number of sets into which
color components of the raster image data are classified. The other configuration is the same as in the first embodiment,
and thus the same components as in the first embodiment are denoted by the same reference numerals, and thus the
redundant description will not be repeated.
[0103] Fig. 13 is a diagram illustrating a schematic configuration of the image forming system 102 according to the
second embodiment. In the image forming system 102 according to the second embodiment, the image forming apparatus
400 is provided with two sets of frame memories and memory controllers (frame memories 31a and 31b and memory
controllers 32a and 32b). Further, in the image forming system 102 according to the second embodiment, the plotter
ASIC 25b corresponds to 4 specific colors, and color printing of a total of 8 colors including CMYK of the plotter ASIC
25a can be performed.
[0104] Here, a description will be made in connection with an example in which color components of a total of 8 colors
of the raster image data are classified into two sets each including 4 colors, and two sets of frame memories 31 and the
memory controllers 32 (frame memories 31a and 31b and memory controllers 32a and 32b) respectively corresponding
to the sets of the color components are provided. However, color components of the raster image data may be classified
into 3 or more sets, and 3 or more sets of frame memories 31 and memory controllers 32 respectively corresponding to
the sets of the color components may be provided.
[0105] The frame memory 31a stores a part of the raster image data transferred from the DFE apparatus 200, page
by page, which corresponds to color components of CMYK dealt by the plotter ASIC 25a. Further, the frame memory
31b stores a part of the raster image data transferred from the DFE apparatus 200, page by page, which corresponds
to color components of 4 specific colors dealt by the plotter ASIC 25b. The frame memories 31a and 31b are connected
to the memory controllers 32a and 32b through second memory buses 33a and 33b, respectively.
[0106] The memory controller 32a controls an operation of writing and reading the raster image data in and from the
frame memory 31a. The memory controller 32a is connected to the frame memory 31a through the second memory bus
33a and connected to the PCI Express switch 24. The memory controller 32b controls an operation of writing and reading
the raster image data in and from the frame memory 31b. The memory controller 32b is connected to the frame memory
31b through the second memory bus 33b and connected to the PCI Express switch 24.
[0107] The number of connection lanes between the memory controllers 32a and 32b and the PCI Express switch 24
is arranged so as to secure the same band as a band required by each of the two plotter ASICs 25a and 25b. In the
second embodiment, each of the plotter ASICs 25a and 25b has 4 lane connections (x4), and so the number of connection
lanes between each of the memory controllers 32a and 32b and the PCI Express switch 24 is set to 4 lane connections (x4).
[0108] Next, a description will be made in connection with the data flow of the raster image data in the image forming
system 102 according to the second embodiment.
[0109] The raster image data generated by the RIP processing unit 11 of the DFE apparatus 200 is subjected to the
image processing by the image processing unit 14, and then transferred to the image forming apparatus 400, page by
page, through the PCI Express bridge 13 and the communication cable 300 in the uncompressed state by the memory
write transfer process performed by the data transfer processing unit 12. Among the raster image data transferred from
the DFE apparatus 200 to the image forming apparatus 400, the part of data corresponding to 4 colors of CMYK is input
to the memory controller 32a through the PCI Express bridge 27 and the PCI Express switch 24. Then, the raster image
data is written in the frame memory 31a by the memory controller 32a. Further, among the raster image data transferred
from the DFE apparatus 200 to the image forming apparatus 400, the part of data corresponding to 4 specific colors is
input to the memory controller 32b through the PCI Express bridge 27 and the PCI Express switch 24. Then, the raster
image data is written in the frame memory 31b by the memory controller 32b.
[0110] At this time, the PCI Express switch 24 of the image forming apparatus 400 relays the transfer of the part of
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data corresponding to the 4 colors of CMYK between the PCI Express bridge 27 and the memory controller 32a. The
memory controller 32a stores the part of data corresponding to the 4 colors of CMYK, which has been transferred from
the DFE apparatus 200 through the communication cable 300, the PCI Express bridge 27, and the PCI Express switch
24, in the frame memory 31a through the second memory bus 33a.
[0111] At this time, the PCI Express switch 24 of the image forming apparatus 400 relays the transfer of the part of
data corresponding to the 4 specific colors between the PCI Express bridge 27 and the memory controller 32b. The
memory controller 32b stores the part of data corresponding to the 4 specific colors, which has been transferred from
the DFE apparatus 200 through the communication cable 300, the PCI Express bridge 27, and the PCI Express switch
24, in the frame memory 31b through the second memory bus 33b.
[0112] After the data corresponding to the 4 colors of CMYK and the data corresponding to the 4 specific colors, which
correspond to one page, are stored in the frame memories 31a and 31b, respectively, the plotter ASIC 25a of the image
forming apparatus 400 reads the part of data corresponding to the 4 colors of CMYK from the frame memory 31a, line
by line, in synchronization with the printing speed (the page feeding speed) of the printer engine 26 by the memory read
transfer process, and transfers the read data to the printer engine 26. Further, the plotter ASIC 25b of the image forming
apparatus 400 reads the part of data corresponding to the 4 specific colors from the frame memory 31b, line by line, in
synchronization with the printing speed (the page feeding speed) of the printer engine 26 by the memory read transfer
process, and transfers the read data to the printer engine 26.
[0113] At this time, the PCI Express switch 24 relays the transfer of the part of data corresponding to the 4 colors of
CMYK between the memory controller 32a and the plotter ASIC 25a, and relays the transfer of the part of data corre-
sponding to the 4 specific colors between the memory controller 32b and the plotter ASIC 25b. The plotter ASIC 25a
acquires the part of data corresponding to the 4 colors of CMYK, which has been read from the frame memory 31a
through the memory controller 32a, through the PCI Express switch 24, and supplies the printer engine 26 with the
acquired data. Further, the plotter ASIC 25b acquires the part of data corresponding to the 4 specific colors, which has
been read from the frame memory 31b through the memory controller 32b, through the PCI Express switch 24, and
supplies the printer engine 26 with the acquired data.
[0114] As described above, in the image forming system 102 according to the second embodiment, the printing process
is executed by simultaneously performing the process of writing the part of data corresponding to the 4 colors of CMYK
and the part of data corresponding to the 4 specific colors among the raster image data in the frame memories 31a and
31b, page by page, and the process of reading the par of data corresponding to the 4 colors of CMYK and the part of
data corresponding to the 4 specific colors from the frame memories 31a and 31b, line by line, and supplying the printer
engine 26 with the read data in a parallel manner.
[0115] Even in the image forming system 102 according to the second embodiment, similarly to the first embodiment,
the memory controller-integrated processor 21 does not use paths or memories (the frame memories 31a and 31b) to
which the raster image data is transferred, when performing various processing with software. Thus, the line synchro-
nization transfer performance of the printer engine 26 is not affected by an operation of software executed by the memory
controller-integrated processor 21, and design limit performances of the plotter ASICs 25a and 25b and the printer engine
26 can be guaranteed. Accordingly, the image forming system 102 according to the second embodiment can perform
an operation of writing and reading the raster image data in and from the frame memories 31a and 31b at a high speed
and thus obtain high printing performance.
[0116] Further, the image forming system 102 according to the second embodiment is configured such that the image
forming apparatus 400 is provided with a plurality of sets of frame memories and memory controllers, in accordance
with the number of sets into which the color components of the raster image data are classified. Thus, when the number
of colors printed by the printer engine 26 is increased, a plotter ASIC and a memory controller (and a frame memory)
which are connected to the PCI Express switch 24 can be added, and thus there is an effect capable of obtaining high
performance scalability.

[Third Embodiment]

[0117] Next, a third embodiment will be described with reference to Fig. 14. In an image forming system according to
the third embodiment (hereinafter, referred to as an "image forming system 103"), the image forming apparatus 400 has
a scanner function. The other configuration is the same as in the first embodiment, and thus the same components as
in the first embodiment are denoted by the same reference numerals, and thus the redundant description will not be
repeated.
[0118] Fig. 14 is a diagram illustrating a schematic configuration of the image forming system 103 according to the
third embodiment. In the image forming system 103 according to the third embodiment, the image forming apparatus
400 further includes a scanner engine 34 and a scanner ASIC 35.
[0119] The scanner engine 34 optically scans an image of an original set on the image forming apparatus 400, and
generates RGB data corresponding to the image of the original. The RGB data generated by the scanner engine 34 is
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supplied to the scanner ASIC 35, line by line.
[0120] The scanner ASIC 35 is connected to the PCI Express switch 24. The scanner ASIC 35 transfers the RGB data
generated by the scanner engine 34 to the memory controller 32, line by line, via the PCI Express switch 24, in synchro-
nization with a scan period of the scanner engine 34. The RGB data transferred to the memory controller 32 is written
in the frame memory 31 through the second memory bus 33 as necessary. When the scanner engine 34 finishes an
operation of scanning data corresponding to one page, raster image data corresponding to the image of the original is
formed in the frame memory 31.
[0121] In the image forming system 103 according to the third embodiment, similarly to the first embodiment, not only
the raster image data generated by the DFE apparatus 200 is transferred to the image forming apparatus 400 and stored
in the frame memory 31, but also the raster image data of the image scanned by the scanner engine 34 of the image
forming apparatus 400 is stored in the frame memory 31. The raster image data of the image scanned by the scanner
engine 34 is read from the frame memory 31, and then transferred to the DFE apparatus 200 through a path opposite
to the path through which the raster image data is transferred from the DFE apparatus 200 to the image forming apparatus
400.
[0122] Here, a description will be made in connection with the data flow in the image forming system 103 according
to the third embodiment when the raster image data of the image scanned by the scanner engine 34 of the image forming
apparatus 400 is transferred to the DFE apparatus 200. The data flow when the raster image data generated by the
DFE apparatus 200 is transferred to the image forming apparatus 400 is the same as in the first embodiment.
[0123] The scanner ASIC 35 transfers RGB data of each line generated by the scanner engine 34 to the memory
controller 32 through the PCI Express switch 24, and the RGB data is written in the frame memory 31 through the second
memory bus 33 as necessary. At this time, the PCI Express switch 24 relays the transfer of the RGB data between the
scanner ASIC 35 and the memory controller 32.
[0124] When the scanner engine 34 finishes an operation of scanning data corresponding to one page and the RGB
data of all lines configuring one page are stored in the frame memory 31, the raster image data corresponding to the
image of the original is formed in the frame memory 31.
[0125] After the raster image data corresponding to one page, which corresponds to the image of the original scanned
by the scanner engine 34, is stored in the frame memory 31, the DFE apparatus 200 reads the raster image data
corresponding to the image of the original from the frame memory 31 by the memory read transfer process. The raster
image data read from the frame memory 31 is transferred to the DFE apparatus 200 through the PCI Express switch
24, the PCI Express bridge 27, and the communication cable 300, page by page. At this time, the PCI Express switch
24 of the image forming apparatus 400 relays the transfer of the raster image data between the memory controller 32
and the PCI Express bridge 27.
[0126] The raster image data transferred from the image forming apparatus 400 to the DFE apparatus 200 is input to
the DFE processing unit 10 through the PCI Express bridge 13, is subjected to the image processing by the image
processing unit 14 as necessary, and then is delivered to the client terminal 600 through the network 500.
[0127] The above description has been made in connection with the example in which data of an image scanned by
the scanner engine 34 of the image forming apparatus 400 is delivered to the client terminal 600. However, when an
application for executing a copying function is installed, an image scanned by the scanner engine 34 can be printed
through the printer engine 26. In this case, the raster image data (RGB data) transferred from the image forming apparatus
400 to the DFE apparatus 200 may be converted into data of a CMYK format by the DFE processing unit 10. Then, the
data of the CMYK format may be subjected to the image processing by the image processing unit 14 as necessary, and
then transferred to the image forming apparatus 400 through the above described path. Then, the data may be written
back in the frame memory 31 and supplied to the printer engine 26, line by line.
[0128] Even in the image forming system 103 according to the third embodiment, similarly to the first and the second
embodiment, the memory controller-integrated processor 21 does not use a path or a memory (the frame memory 31)
to which the raster image data is transferred, when performing various processing with software. Thus, the line synchro-
nization transfer performance of the printer engine 26 is not affected by an operation of software executed by the memory
controller-integrated processor 21, and design limit performances of the plotter ASICs 25a and 25b and the printer engine
26 can be guaranteed. Accordingly, the image forming system 103 according to the third embodiment can perform an
operation of writing and reading the raster image data in and from the frame memory 31 at a high speed and thus obtain
high printing performance.
[0129] Further, in the image forming system according to the third embodiment 103, the scanner function is added to
the image forming apparatus 400 as described above. Thus, not only convenience is improved, but also the data transfer
of the image scanned by the scanner engine 34 is not affected by processing performed by the memory controller-
integrated processor 21. As a result, there is an effect capable of executing the scanner function and the printing process
at high performance in a parallel manner.
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[Fourth Embodiment]

[0130] Next, a fourth embodiment will be described with reference to Fig. 15. In an image forming system according
to the fourth embodiment (hereinafter, referred to as an "image forming system 104"), the memory controller 32 is built
in the PCI Express switch 24. The other configuration is the same as in the first embodiment, and thus the same
components as in the first embodiment are denoted by the same reference numerals, and thus the redundant description
will not be repeated.
[0131] Fig. 15 is a diagram illustrating a schematic configuration of the image forming system 104 according to the
fourth embodiment. In the image forming system 104 according to the fourth embodiment, the memory controller 32 that
controls an operation of writing and reading the raster image data in and from the frame memory 31 is mounted as an
internal function of the PCI Express switch 24. The PCI Express switch 24 including the memory controller 32 as its
internal function may be implemented, for example, using an ASIC including a plurality of PCI Express connection ports
and a DDR memory bus (the second memory bus 33), or a general-purpose high-speed FPGA mounted with a high-
speed IO compatible with a plurality of PCI Express connection ports and a DDR memory bus.
[0132] The data flow in the image forming system 104 according to the fourth embodiment is basically similar to the
first embodiment. However, in the image forming system 104 according to the fourth embodiment, since the memory
controller 32 is built in the PCI Express switch 24, the number of PCI Express links through which packets of the raster
image data pass is one step smaller than that in the first embodiment.
[0133] For this reason, in the image forming system 104 according to the fourth embodiment, the number of times
when the packets of the raster image data are converted by the PCI Express protocol is smaller than the first embodiment.
Thus, the response delay time is further reduced by that much, and so the line transfer time of the printer engine 26 can
be further reduced. Thus, the image forming system 104 according to the fourth embodiment can further improve the
printing performance of the printer engine 26.
[0134] Further, in the image forming system 104 according to the fourth embodiment, when performance is desired
to be improved by increasing the number of plotter ASICs or adding the scanner ASIC as in the third embodiment, the
number of frame memories can be increased as in the second embodiment, or memory controllers respectively corre-
sponding to the frame memories can be built in the PCI Express switch 24, whereby there is an effect capable of obtaining
high performance scalability.

[Fifth Embodiment]

[0135] In conventional image forming apparatuses, there was a problem in that it is difficult to secure an address space
of a local memory having the size enough to store the RIP data developed by the DFE apparatus with the increase in
the image data. A technique of introducing a 64-bit OS may be considered in order to secure the address space having
the sufficient size. In this technique, however, with the introduction of the 64-bit OS, the entire system such as an image
processing controller needs to be configured to support 64-bit addresses. For this reason, a technical problem is large,
and it was problematic in terms of development man-hours and cost.
[0136] According to the fifth embodiment, an address space of a memory storing data received from an external device
can be easily secured.
[0137] Fig. 16 is a diagram illustrating an example of an address space (a first address space) managed by the memory
controller-integrated processor 21 of the image forming system 110 according to the comparative example. The first
address space includes an address space of the main memory 22. Typically, in case of a 32-bit OS, a supported memory
size is limited to 4 GB or less. Since an address space is allocated to a system device which is in use, an area (an image
data storing area) of the main memory 22 available for storing image data is further limited by the address space allocated
to the system device. Further, depending on the system, an available area may be further segmented.
[0138] In this case, it is difficult to secure an area of a large consecutive address as an area for storing image data
sent from the DFE apparatus 200.
[0139] In this regard, the image forming apparatus according to the present embodiment is provided with a frame
memory (a second memory) for storing image data developed by the DFE apparatus 200, separately from the main
memory 22 used for working of the memory controller-integrated processor 21. An address space of the frame memory
is separated from the main memory 22. The data, which is transferred from the DFE apparatus 200 in units smaller than
original image data size, is developed and then stored in the frame memory.
[0140] Fig. 17 is a diagram illustrating an example of the image forming system according to the present embodiment.
The image forming system according to the present embodiment includes a DFE apparatus 200-5, an image forming
apparatus 400-5, and a printer engine 26.
[0141] The DFE apparatus 200-5 differs from the DFE apparatuses 200 of the first to fourth embodiments in a function
of a data transfer processing unit 12-5. The data transfer processing unit 12-5 differs from the data transfer processing
unit 12 of Fig. 1 in that the data transfer processing unit 12-5 transfers data, which is obtained by dividing image data
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into data of a predetermined size, to the image forming apparatus 400-5. The predetermined size may be arbitrarily set.
For example, the size corresponding to one address, the size (a line size) corresponding to one line, or the size corre-
sponding to a plurality of lines may be set as the predetermined size. A description will be made below in connection
with an example in which the line size is used as the predetermined size.
[0142] The image forming apparatus 400-5 further includes a frame memory 31 capable of storing the raster image
data page by page. A memory controller-integrated processor 21 is connected to a PCI Express switch 24-5 on which
a memory controller 201 for processing memory access control to the frame memory 31 is mounted. The frame memory
31 is connected to the PCI Express switch 24-5.
[0143] The PCI Express switch 24-5 may be implemented using an ASIC including a plurality of PCI Express connection
ports and a DDR memory bus or a general-purpose high-speed FPGA mounted with and a high-speed IO compatible
with a plurality of PCI Express port implementations and a DDR memory bus.
[0144] Further, the plotter ASICs 25a and 25b are connected to a root complex port of the PCI Express switch 24-5.
Typically, two root complexes can not exist in one PCI Express device tree. For this reason, address translation needs
to be performed in order to transmit and receive data between the root complex port and an end point port of the PCI
Express switch 24-5. Thus, it can be seen as if the root complex port of the PCI Express switch 24-5 is hidden when
viewed from the memory controller-integrated processor 21. In this way, the address space of the frame memory 31 can
be separated from the main memory 22.
[0145] Further, the number of connection lanes between the memory controller-integrated processor 21 and the PCI
Express switch 24-5 is set to a minimal one lane connection (x1). It is because in a link of this portion, the memory
controller-integrated processor 21 only transfers data as small as "config packet" for the PCI Express bridge 27 or the
PCI Express switch 24-5, but does not transfer a large amount of raster image data.
[0146] Fig. 18 is a diagram for describing an image flow of the image forming apparatus 400-5 according to the present
embodiment. Functions of the respective components and an image data flow at the time of the printing process will be
described below with reference to Fig. 18 ((1) to (7)).

(1) The client terminal 600 is connected to the DFE apparatus 200-5 through a network 500 such as LAN, and
transfers a print job according to a PDL to the DFE apparatus 200-5. Here, a network connection form is not limited
to the LAN.
(2) The RIP processing unit 11 develops data of a PDL format contained in the print job received from the client
terminal 600 into raster image data for printing.
(3) The image processing unit 14 performs image data correction for printing on the developed raster image data.
(4) The data transfer processing unit 12-5 transfers the corrected raster image data to the image forming apparatus
400-5 through PCI Express cable (x4 lanes) and the PCI Express bridge 27 by the memory write transfer process.
Here, the number of PCI Express lanes is arranged so as to obtain a sufficient transfer band, depending on the size
of the image data and the printing process speed. In this description, an x4 lane connection is used.
(5) The image data transfer is performed in units of predetermined sizes divided from a print page. The timing control
for starting a data transfer is performed through a Giga Ethernet (a registered trademark) connected with the image
forming apparatus 400-5. Meanwhile, the timing control for transferring a predetermined size data with the DFE
apparatus 200-5 is performed by the memory controller-integrated processor 21 of the image forming apparatus
400-5 through a PCH 23 connected to the Giga Ethernet (a registered trademark).
(6) The raster image data transferred to the image forming apparatus 400-5 is further transferred to the memory
controller 201 through the PCI Express bridge 27 connected to the PCI Express cable (x4 lanes) and the PCI Express
switch 24-5, and then stored in the frame memory 31 (an arrow (1) in Fig. 18).
(7) After the raster image data corresponding to one page is stored in the frame memory 31, the plotter ASICs 25a
and 25b of the image forming apparatus 400-5 read out the raster image data from the frame memory 31 by a
memory read transfer process via the PCI Express switch 24-5 (arrows (2) and (3) in Fig. 18). In the memory transfer
process, the raster image data is read out from the frame memory line by line (a size unit corresponds to a line in
the main scanning direction of recording medium such as paper), in synchronization with the printing speed (feeding
speed of recording medium such as paper) of the printer engine 26.

[0147] As described above, the printing process is executed by simultaneously performing the process of writing the
raster image page data in the frame memory 31 and the process of reading the raster image line data from the frame
memory 31 to the printer engine 26 in a parallel manner.
[0148] In the image forming apparatus 400-5 according to the present embodiment, software of the memory controller-
integrated processor 21 does not use a transfer path or a memory for the raster image data. Thus, the line synchronization
transfer performance of the printer engine 26 is not affected by an operation of software, and design limit performances
of the plotter ASICs 25a and 25b and the printer engine 26 can be fully guaranteed.
[0149] Next, a description will be made in connection the outline of an internal circuit of the PCI Express switch 24-5.
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Fig. 19 is a block diagram illustrating a schematic configuration example of an internal circuit of the PCI Express switch
24-5.
[0150] The PCI Express switch 24-5 includes the memory controller 201, a root complex port 202, an end point port
203, a router 204, a local register 205, an address translating unit 206, a page address developing unit 207 functioning
as a calculating unit, and an initial resister setting unit 208.
[0151] The memory controller 201 controls memory access to the frame memory 31 as described above. The router
204 allocates a transfer destination of data according to the type of corresponding data. For example, when the raster
image data is received, the router 204 transfers the received raster image data to the page address developing unit 207.
When any other data is received, the router 204 transfers the received data to the address translating unit 206.
[0152] The local register 205 stores a translation table, a line size, the number of lines, and the like. The address
translating unit 206 performs address translation between an address space of the end point and an address space of
the root complex on the basis of the translation table in order to connect the end point with the root complex. In the
present embodiment, since the memory controller-integrated processor 21 functions as the end point, the first address
space managed by the memory controller-integrated processor 21 functions as the address space of the end point. The
address space (a second address space) of the root complex includes an address space of the frame memory 31.
[0153] The page address developing unit 207 develops image data to be transferred to a designated predetermined
address into a page address. The page address refers to an address in the address space of the frame memory 31 of
the image data corresponding to one page stored in the frame memory 31. The page address developing unit 207
calculates an address in the page address so that the image data (input data) transferred with the predetermined size
(the line size) can be stored in the frame memory 31 while being shifted by the predetermined size. For example, each
time when input data is received, the page address developing unit 207 calculates an address obtained by adding the
line size to an address at which immediately previous input data is stored as an address used for storing the input data.
The page address developing unit 207 reads the line size from the local register 205 and uses the read line size. Further,
the page address developing unit 207 reads the number of lines inside one page from the local register 205, and
determines that image data corresponding to one page has been stored when the number of stored input data reaches
the number of lines. In this case, for example, the page address developing unit 207 calculates an address of received
input data as an initial value (a beginning address of an area storing image data of one page).
[0154] The initial resister setting unit 208 performs initial register setting of the plotter ASICs 25a and 25b at the time
of linkup. When the image forming apparatus 400-5 starts, the initial resister setting unit 208 performs register setting
of the plotter ASICs 25a and 25b. Further, after linkup, the memory controller-integrated processor 21 can change
register setting of the plotter ASICs 25a and 25b through the address translating unit 206.
[0155] Next, a data storing process by the above configuration according to the present embodiment will be described
with reference to Fig. 20. Fig. 20 is a flowchart illustrating the overall flow of the data storing process according to the
present embodiment. The data storing process of Fig. 20 is a process from when the PCI Express switch 24-5 receives
image data divided into the predetermined size (the line size) from the DFE apparatus 200-5 to when the received data
is stored in the frame memory 31.
[0156] First, in step S101, when image data (input data) of the line size received through the end point port 203 is
received, the router 204 of the PCI Express switch 24-5 transfers the received input data to the page address developing
unit 207. In step S102, the page address developing unit 207 calculates an address used for storing the input data with
reference to the line size and the number of lines stored in the local register 205. In step S103, the memory controller
201 designates the calculated address, and stores the input data in the frame memory 31.
[0157] The DFE apparatus 200-5 designates a predetermined address in the address space (the first address space)
managed by the memory controller-integrated processor 21, and requests the image forming apparatus 400-5 to write
input data of a predetermined size. As a result, an area of a large consecutive address needs not be secured in the
address space of the main memory 22 as an image data storing area. The predetermined address may be a fixed
address or an address designated, for example, for each image forming apparatus 400-5. That is, as the predetermined
address, there may be used as an address indicating an area capable of storing data of a unit smaller than original
image data, like an address used for storing data of a line unit.
[0158] When data written at a predetermined address is stored in the frame memory 31 "as is", it is difficult for the
plotter ASICs 25a and 25b to accurately read the data. In this regard, in the present embodiment, the page address
developing unit 207 develops data written at a predetermined address into an address of a page unit (a page address).
The page address developing unit 207 can accurately develop data in view of the line size and the number of lines.
[0159] Fig. 21 is a diagram illustrating an example of a correspondence relation between the address space of the
frame memory 31 and the address space (the first address space) managed by the memory controller-integrated proc-
essor 21. As described above, the address space of the frame memory 31 is included in the address space (the second
address space) of the root complex.
[0160] The main memory 22 needs an area (a register setting area) for register setting of the plotter ASICs 25a and
25b as an area corresponding to an end point side area, and a predetermined address for image data to be written from
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the DFE apparatus 200-5. However, since they are solved by very small areas, the areas can be easily secured.
[0161] Further, the address space of the frame memory 31 is divided into a space at the root complex side and a
space at the end point side. A register setting area and a predetermined address for DFE writing are allocated to the
address space at the end point side, similarly to the main memory 22. Further, in the address space at the root complex
side, a large consecutive area can be secured as an image data storing area in a form separated from the main memory
22. Thus, image data developed into an address of a page unit can be stored in the image data storing area.
[0162] Hereinbefore, the first to fifth embodiments have been described as the concrete embodiments of the present
invention. However, the present invention is not limited to the above embodiments as is, and in the implementation
stage, the components may be modified in a range not departing from the gist of the present invention. For example,
the above embodiments have been described in connection with the example in which the transfer of the raster image
data is performed according to the protocol of the PCI Express standard, but the data transfer system is not limited thereto.
[0163] Further, various inventions can be derived by appropriately combining a plurality of components disclosed in
the above embodiments. For example, several components may be excluded from among all components described in
the embodiments. Further, components of different embodiments may be appropriately combined.
[0164] Further, a program executed by an apparatus according to the embodiments may be provided in a form pre-
viously embedded in a read only memory (ROM) or the like.
[0165] A program executed by an apparatus according to the embodiments may be a file having an installable format
or an executable format. The program may be recorded on a computer readable storage medium such as a compact
disc read only memory (CD-ROM), a flexible disk (FD), a compact disc rewritable (CD-R), and a digital versatile disk
(DVD) and provided as a computer program product.
[0166] In addition, a program executed by an apparatus according to the embodiments may be stored in a computer
connected to a network such as the Internet and provided by downloading through the network. Further, a program
executed by an apparatus according to the embodiments may be provided or distributed through a network such as the
Internet.
[0167] A program executed by an apparatus according to the embodiments may have a module configuration including
the above described components. In actual hardware, by reading out and executing the program from a ROM through
a CPU (a processor), the above described components may be loaded onto a main storage device and generated on
the main storage device.
[0168] The image forming apparatus of the present invention can be applied to not only an MFP having at least two
functions of a copying function, a printer function, a scanner function, and a facsimile function but also any image forming
apparatus such as a copying machine, a printer, a scanner device, and a facsimile machine.
[0169] According to the present invention, there is an effect capable of performing an operation of writing and reading
the raster image data to and from the memory at a high speed and obtaining high printing performance.
[0170] Although the invention has been described with respect to specific embodiments for a complete and clear
disclosure, the appended claims are not to be thus limited but are to be construed as embodying all modifications and
alternative constructions that may occur to one skilled in the art that fairly fall within the basic teaching herein set forth.

Claims

1. An image forming apparatus (400) configured to receive raster image data transferred from an external device (200)
and to form an image on the basis of the received raster image data, the apparatus comprising:

a processor (21) configured to control a transfer of the raster image data from the external device;
a first memory (22) that is connected to the processor through a first bus (29) and used as a working area of
the processor;
a second memory (31) configured to store the raster image data;
a memory control unit (32) that is connected to the second memory through a second bus (33) and is configured
to control an operation of writing and reading the raster image data in and from the second memory;
a printer engine (26) configured to form an image on the basis of the raster image data; and
an engine control unit (25) configured to read the raster image data from the second memory (31) through the
memory control unit (32) and to supply the printer engine (26) with the read raster image data, characterized
in that
the memory control unit (32) simultaneously performs the operation of writing the image data page by page in
the second memory (31) and the operation of reading the image data line by line from the second memory (31)
in a parallel manner.

2. The image forming apparatus (400) according to claim 1, further comprising:
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a switch (24) that is connected to the memory control unit(32) and the engine control unit (25) and transfers the
raster image data read from the second memory (31) through the memory control unit(32), to the engine control
unit (25) using routing function.

3. The image forming apparatus (400) according to claim 2, further comprising:

a scanner engine (34) that scans an image; and
a scanner control unit (35) that relays a transfer of data of the image scanned by the scanner engine to the
memory control unit (32), wherein
the switch (24) is further connected to the scanner control unit (35) and relays a transfer of the data of the image
from the scanner control unit (35) to the memory control unit (32).

4. The image forming apparatus (400) according to claim 2 or 3, wherein
the memory control unit (32) is built in the switch (24).

5. The image forming apparatus (400) according to any one of claims 1 to 4, wherein a plurality of sets each including
the second memory (31) and the memory control unit (32) are provided, corresponding to the number of sets into
which color components of the raster image data are classified.

6. An image forming system (101, 102, 103, 104, 105) comprising a first apparatus (200, 200-5) configured to generate
raster image data and a second apparatus (400, 400-5) configured to form an image on the basis of the raster image
data transferred from the first apparatus, wherein
the first apparatus includes
a generating unit (11) configured to generate the raster image data on the basis of a print job,
an image processing unit (14) configured to perform image processing to edit the raster image data generated by
the generating unit, and
a transfer unit (12, 12-5) configured to transfer the raster image data that has been subjected to the image processing
to the second apparatus, and
the second apparatus includes
a processor (21) configured to control a transfer of the raster image data from the first apparatus,
a first memory (22) that is connected to the processor through a first bus (29) and used as a working area of the
processor,
a second memory (31) configured to store the raster image data,
a memory control unit (32, 201) that is connected to the second memory through a second bus (33) and is configured
to control an operation of writing and reading the raster image data in and from the second memory,
a printer engine (26) configured to form an image on the basis of the raster image data, and
an engine control unit (25) configured to read the raster image data from the second memory through the memory
control unit and supplies the printer engine with the read raster image data, the system being characterized in that
the memory control unit (32) simultaneously performs the operation of writing the image data page by page in the
second memory (31) and the operation of reading the image data line by line from the second memory (31) in a
parallel manner.

7. The image forming system (101, 102, 103, 104, 105) according to claim 6,
wherein the raster image data is transferred from the first apparatus (200, 200-5) to the second apparatus (400,
400-5) in an uncompressed state.

8. The image forming system (101, 102, 103, 104, 105) according to claim 6 or 7,
wherein the first apparatus (400, 400-5) further includes a receiving unit that receives a print job transmitted from
a client terminal (600) through a network (500), and
the generating unit (11) analyzes print data included in the print job received by the receiving unit and generates
the raster image data.

Patentansprüche

1. Bilderzeugungsvorrichtung (400), die konfiguriert ist, Rasterbilddaten zu empfangen, die von einer externen Vor-
richtung (200) übertragen werden, und ein Bild auf der Grundlage der empfangenen Rasterbilddaten zu erzeugen,
wobei die Vorrichtung Folgendes umfasst:



EP 2 474 938 B1

20

5

10

15

20

25

30

35

40

45

50

55

einen Prozessor (21), der konfiguriert ist, eine Übertragung der Rasterbilddaten von der externen Vorrichtung
zu steuern;
einen ersten Speicher (22), der mit dem Prozessor durch einen ersten Bus (29) verbunden ist und als ein
Arbeitsbereich des Prozessors verwendet wird;
einen zweiten Speicher (31), der konfiguriert ist, die Rasterbilddaten zu speichern;
eine Speichersteuereinheit (32), die mit dem zweiten Speicher durch einen zweiten Bus (33) verbunden ist und
konfiguriert ist, einen Vorgang des Schreibens und Lesens der Rasterbilddaten in dem zweiten Speicher und
aus diesem zu steuern;
eine Drucker-Engine (26), die konfiguriert ist, ein Bild auf der Grundlage der Rasterbilddaten zu erzeugen; und
eine Engine-Steuereinheit (25), die konfiguriert ist, die Rasterbilddaten aus dem zweiten Speicher (31) durch
die Speichersteuereinheit (32) zu lesen und der Drucker-Engine (26) die gelesenen Rasterbilddaten zuzuführen,
dadurch gekennzeichnet, dass
die Speichersteuereinheit (32) gleichzeitig den Vorgang des Schreibens der Bilddaten Seite für Seite in dem
zweiten Speicher (31) und den Vorgang des Lesens der Bilddaten Zeile für Zeile aus dem zweiten Speicher
(31) parallel ausführt.

2. Bilderzeugungsvorrichtung (400) nach Anspruch 1, ferner umfassend:
einen Schalter (24), der mit der Speichersteuereinheit (32) und der Engine-Steuereinheit (25) verbunden ist und
die aus dem zweiten Speicher (31) durch die Speichersteuereinheit (32) gelesenen Rasterbilddaten zu der Engine-
Steuereinheit (25) unter Verwendung der Routing-Funktion überträgt.

3. Bilderzeugungsvorrichtung (400) nach Anspruch 2, ferner umfassend:

eine Scanner-Engine (34), die ein Bild scannt; und
eine Scannersteuereinheit (35), die eine Übertragung von Daten des durch die Scanner-Engine gescannten
Bilds an die Speichersteuereinheit (32) übermittelt, wobei
der Schalter (24) ferner mit der Scannersteuereinheit (35) verbunden ist und eine Übertragung der Daten des
Bilds von der Scannersteuereinheit (35) zu der Speichersteuereinheit (32) übermittelt.

4. Bilderzeugungsvorrichtung (400) nach Anspruch 2 oder 3, wobei die Speichersteuereinheit (32) in den Schalter (24)
eingebaut ist.

5. Bilderzeugungsvorrichtung (400) nach einem der Ansprüche 1 bis 4, wobei mehrere Sätze, von denen jeder den
zweiten Speicher (31) und die Speichersteuereinheit (32) beinhaltet, bereitgestellt sind, die der Anzahl von Sätzen
entsprechen, in die Farbkomponenten der Rasterbilddaten eingeteilt sind.

6. Bilderzeugungssystem (101, 102, 103, 104, 105), umfassend eine erste Vorrichtung (200, 200-5), die konfiguriert
ist, Rasterbilddaten zu erzeugen, und eine zweite Vorrichtung (400, 400-5), die konfiguriert ist, ein Bild auf der
Grundlage der Rasterbilddaten zu erzeugen, die von der ersten Vorrichtung übertragen werden, wobei
die erste Vorrichtung Folgendes beinhaltet
eine Erzeugungseinheit (11), die konfiguriert ist, die Rasterbilddaten auf der Grundlage eines Druckauftrags zu
erzeugen,
eine Bildverarbeitungseinheit (14), die konfiguriert ist, eine Bildverarbeitung auszuführen, um die durch die Erzeu-
gungseinheit erzeugten Rasterbilddaten zu bearbeiten, und
eine Übertragungseinheit (12, 12-5), die konfiguriert ist, die Rasterbilddaten, die der Bildverarbeitung unterzogen
wurden, an die zweite Vorrichtung zu übertragen, und
die zweite Vorrichtung Folgendes beinhaltet
einen Prozessor (21), der konfiguriert ist, eine Übertragung der Rasterbilddaten von der ersten Vorrichtung zu
steuern,
einen ersten Speicher (22), der mit dem Prozessor durch einen ersten Bus (29) verbunden ist und als ein Arbeits-
bereich des Prozessors verwendet wird,
einen zweiten Speicher (31), der konfiguriert ist, die Rasterbilddaten zu speichern,
eine Speichersteuereinheit (23, 201), die mit dem zweiten Speicher durch einen zweiten Bus (33) verbunden ist
und konfiguriert ist, einen Vorgang des Schreibens und Lesens der Rasterbilddaten in dem zweiten Speicher und
aus diesem zu steuern,
eine Drucker-Engine (26), die konfiguriert ist, ein Bild auf der Grundlage der Rasterbilddaten zu erzeugen, und
eine Engine-Steuereinheit (25), die konfiguriert ist, die Rasterbilddaten aus dem zweiten Speicher durch die Spei-
chersteuereinheit zu lesen, und der Drucker-Engine die gelesenen Rasterbilddaten zuführt,
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wobei das System dadurch gekennzeichnet ist, dass
die Speichersteuereinheit (32) gleichzeitig den Vorgang des Schreibens der Bilddaten Seite für Seite in dem zweiten
Speicher (31) und den Vorgang des Lesens der Bilddaten Zeile für Zeile aus dem zweiten Speicher (31) parallel
ausführt.

7. Bilderzeugungssystem (101, 102, 103, 104, 105) nach Anspruch 6,
wobei die Rasterbilddaten von der ersten Vorrichtung (200, 200-5) an die zweite Vorrichtung (400, 400-5) in einem
unkomprimierten Zustand übertragen werden.

8. Bilderzeugungssystem (101, 102, 103, 104, 105) nach Anspruch 6 oder 7,
wobei die erste Vorrichtung (400, 400-5) ferner eine Empfangseinheit beinhaltet, die einen Druckauftrag empfängt,
der von einem Client-Endgerät (600) durch ein Netzwerk (500) gesendet wird, und
die Erzeugungseinheit (11) Druckdaten analysiert, die in dem durch die Empfangseinheit empfangenen Druckauftrag
beinhaltet sind, und die Rasterbilddaten erzeugt.

Revendications

1. Appareil de formation d’images (400) conçu pour recevoir des données d’image tramée transférées depuis un
dispositif externe (200) et pour former une image en fonction des données d’image tramée reçues, l’appareil
comprenant :

un processeur (21) conçu pour commander un transfert des données d’image tramée depuis le dispositif externe ;
une première mémoire (22) qui est connectée au processeur par un premier bus (29) et utilisée comme zone
de travail du processeur ;
une deuxième mémoire (31) conçue pour stocker les données d’image tramée ;
une unité de commande de mémoire (32) qui est connectée à la deuxième mémoire par le biais d’un deuxième
bus (33) et est conçue pour commander une opération d’écriture et de lecture des données d’image tramée
dans la deuxième mémoire et à partir de celle-ci ;
un moteur d’imprimante (26) conçu pour former une image en fonction des données d’image tramée ; et
une unité de commande de moteur (25) conçue pour lire les données d’image tramée à partir de la deuxième
mémoire (31) par le biais de l’unité de commande de mémoire (32) et pour fournir au moteur d’imprimante (26)
les données d’image tramée lues,
caractérisé en ce que
l’unité de commande de mémoire (32) effectue simultanément l’opération d’écriture des données d’image page
par page dans la deuxième mémoire (31) et l’opération de lecture des données d’image ligne par ligne depuis
la deuxième mémoire (31) de manière parallèle.

2. Appareil de formation d’images (400) selon la revendication 1, comprenant en outre :
un commutateur (24) qui est connecté à l’unité de commande de mémoire (32) et à l’unité de commande de moteur
(25) et transfère les données d’image tramée lues à partir de la deuxième mémoire (31) par le biais de l’unité de
commande de mémoire (32), à l’unité de commande de moteur (25) à l’aide d’une fonction de routage.

3. Appareil de formation d’images (400) selon la revendication 2, comprenant en outre :

un moteur de balayage (34) qui balaie une image ; et
une unité de commande de balayage (35) qui relaie un transfert de données de l’image balayée par le moteur
de balayage vers l’unité de commande de mémoire (32),
le commutateur (24) étant en outre connecté à l’unité de commande de balayage (35) et relaie un transfert des
données de l’image de l’unité de commande de balayage (35) à l’unité de commande de mémoire (32).

4. Appareil de formation d’images (400) selon la revendication 2 ou 3, dans lequel l’unité de commande de mémoire
(32) est incorporée dans le commutateur (24).

5. Appareil de formation d’images (400) selon l’une quelconque des revendications 1 à 4, dans lequel une pluralité
d’ensembles comprenant chacun la deuxième mémoire (31) et l’unité de commande de mémoire (32) sont disposés,
correspondant au nombre d’ensembles dans lesquels des composants de couleur des données d’image tramée
sont classifiés.
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6. Appareil de formation d’images (101, 102, 103, 104, 105) comprenant un premier appareil (200, 200-5) conçu pour
générer des données d’image tramée et un deuxième appareil (400, 400-5) conçu pour former une image en fonction
des données d’image tramée transférées depuis le premier appareil,
le premier appareil comprenant
une unité de génération (11) conçue pour générer les données d’image tramée en fonction d’une tâche d’impression,
une unité de traitement d’image (14) conçue pour effectuer un traitement d’image pour éditer les données d’image
tramée générées par l’unité de génération, et
une unité de transfert (12, 12-5) conçue pour transférer les données d’image tramée qui ont été soumises au
traitement d’image au deuxième appareil, et
le deuxième appareil comprenant
un processeur (21) conçu pour commander un transfert des données d’image tramée depuis le premier appareil,
une première mémoire (22) qui est connectée au processeur par un premier bus (29) et utilisée comme zone de
travail du processeur,
une deuxième mémoire (31) conçue pour stocker les données d’image tramée,
une unité de commande de mémoire (32, 201) qui est connectée à la deuxième mémoire par le biais d’un deuxième
bus (33) et est conçue pour commander une opération d’écriture et de lecture des données d’image tramée dans
la deuxième mémoire et à partir de celle-ci,
un moteur d’imprimante (26) conçu pour former une image en fonction des données d’image tramée, et
une unité de commande de moteur (25) conçue pour lire les données d’image tramée à partir de la deuxième
mémoire par le biais de l’unité de commande de mémoire et fournit au moteur d’imprimante les données d’image
tramée lues,
le système étant caractérisé en ce que
l’unité de commande de mémoire (32) effectue simultanément l’opération d’écriture des données d’image page par
page dans la deuxième mémoire (31) et l’opération de lecture des données d’image ligne par ligne depuis la deuxième
mémoire (31) de manière parallèle.

7. Système de formation d’image (101, 102, 103, 104, 105) selon la revendication 6, dans lequel les données d’image
tramée sont transférées du premier appareil (200, 200-5) au deuxième appareil (400, 400-5) dans un état non
comprimé.

8. Système de formation d’image (101, 102, 103, 104, 105) selon la revendication 6 ou 7,
dans lequel le premier appareil (400, 400-5) comprend en outre une unité de réception qui reçoit une première tâche
transmise depuis un terminal client (600) par le biais d’un réseau (500), et
l’unité de génération (11) analyse des données d’impression comprises dans la tâche d’impression reçue par l’unité
de réception et génère les données d’image tramée.



EP 2 474 938 B1

23



EP 2 474 938 B1

24



EP 2 474 938 B1

25



EP 2 474 938 B1

26



EP 2 474 938 B1

27



EP 2 474 938 B1

28



EP 2 474 938 B1

29



EP 2 474 938 B1

30



EP 2 474 938 B1

31



EP 2 474 938 B1

32



EP 2 474 938 B1

33



EP 2 474 938 B1

34



EP 2 474 938 B1

35



EP 2 474 938 B1

36



EP 2 474 938 B1

37



EP 2 474 938 B1

38



EP 2 474 938 B1

39



EP 2 474 938 B1

40



EP 2 474 938 B1

41



EP 2 474 938 B1

42



EP 2 474 938 B1

43

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP 2010099907 A [0003]
• EP 1031915 A2 [0004]

• EP 1599029 A2 [0005]
• WO 8810447 A1 [0006]


	bibliography
	description
	claims
	drawings
	cited references

